A one-dimensional divergence of the monochromatic heat flux for wall-affected attenuating thingas, is developed from general considerations. Here Ebl. K~ cy and r, respectively denote the monochromatic values of the emissive power, absorption coefficient of gas, wall emissivity and optical thickness; , E, is the second exponential integ-ral, y the -4' coordinate normal to boundary. infinite geometry.
INTRODUCTION

Y
The inherent complexity of radiation affected thermal energy transport has forced researchers in the past to development of models for the radiative heat flux valid either for small or large values of the optical thickness. The prime concern of these models has been the incorporation of boundary effects into the well-known astrophysical models for thingas and thick (Rosseland) gas.
In a study involving the effect of radiation on houndary layen in buoyancy driven Rows, Arpaci' developed a thick gas model which includes boundaries. Although obtained in connection with a particular problem, the model was expected to be of general nature which in fact was later shown to be the case by Arpaci and Larsen.2 The same model was used by Lard and Arpaci3 in studying the radiation effect on forced convection boundary layers. Another boundary affected thick gas model was proposed by Viskanta4 and Anderson and Viskanta5 and the model was compared with Arpaci model by Viskanta and Anderson.6 For the other end of optical thickness, and in connection with both forced and natural convection boundary layers, C e~s~.~ developed models for attenuating thingas far from boundaries and for nanattenuating thingas. Also. in another forced convection houndary layer study, Lard and Arpnci3 developed an attenuating thingas model. In spite of these efforts , the development of B Lhingas model strictly from general considerations, including especially spectral effects and the definition of a wall affected absorption coefficient apparently remained untreated. One of tho prime motivations of the present study is the development of this model. The other is to study the entropy production in radiation-affected boundary layers in terms of the model.
The study consists of 7 sections: following this introduction, Section 2 develops the thingas model, Section 3 applies the model to the forced convection boundary layer over a horizontal flat date. Section 4 considers two solution methods for the problem. Section 5,develops the transport aspects of local entropy production and applies them to the present problem, Section 6 deals with the heat transfer from the wall and relates the wall entropy production to the local Nusselt number. and Section 7 concludes the study with some final remarks.
A THINGAS MODEL
The onedimensional beat flux associated with monochromatic radiation in semi-infinite domain is available in 1 the literature (see, for example. Cess: Arpaci and Larsen2 for semi-infinite domain and References [9-131 for finite domain). This flux for diffuse radiation with negligible scattering is & .
where Bv being the monochromatic surface radiosity, Ebu the monochromatic emissive power, E, and E, the second and third exponential integrals. respectively, ru the monochromatic optical thickness. and ;v a dummy variable. The wall value of this nux for rU=O. noting E,(O)= 112, is qR(0l = B, -21, " EbuEz(;u)dGu .
(2) Also, by definition,
where G, is the monochromatic radiation incident on the wall. From Eqs. ;v-~Jd;v . (7) Here the first term on the right is the wall emission being attenuated up to the generic point 7,. in the gas, the second is the integrated effect of monochromatic gas emission incident on the wall, being reflected from wall and attenuated up to T~ the third is the integrated effect of the monochromatic emission of gas over (0, TJ, and finally the fourth is the integrated effect of the monochromatic emission of gas over (T, -1, Some arrangement of the above equation yields and, in view of boundary thermal energy balance,
which, for the limit of weak radiation, d2Eb,(-0)/dr:
A polynomial approximation satisfying Eqs. (12) Now, introducing a boundary-affected Planek mean absorption coefficient, ( 7 ) together with a thingas-affected wall emissivity, Consider the effect of radiation on the forced convection boundary layer over a horizontal flat plate. In a low speed flow, provided the difference between the temperature of the free stream and that of the wall is not toc great (so that the density is sensibly constant) the momentum equation is decoupled from the thermal energy and may be solved separately. Furthermore. for heat transfer studies, rather than utilizing the vcloeity profiles, a good approximation of these profiles near boundaries is needed. This approach, in the absence of radiation, is wellknown and has been studied extensively. The outstanding works are Fage and Falkner," Lighthill,15 SpaldingIG and Liepmann'? (summarized in the monograph by Curie's). Also, the extension of the approach to the limiting eases of Pr<l and Pr>l are discussed in Arpaci and L~r s e n . '~ Since the case of Pr<l is for opaque fluids and has no application to radiationaffected problems, and the case of P r~1 is known to approximate for all fluids with Pr a 1, here only the latter case is considered.
Replacing the longitudinal velocity by its tangent on the wall and using this velocity in the conservation of mass to
determine the transversal velocity, and including the radiation effect in terms of Eq. (20), the thermal energy balance gives 
where r, denotes the wall shear stress, p the dynamic viscosity. p the density, cp the specific heat. The boundary conditions to f 4 R where the first difference between emissive powers shows the gas effect and the second difference denotes the attenuating wall effect.
w Introducing the emissivity , be satisfied are
The next section deals with two solutions of the foregoing
=
the monoehromatic thingas flux given by Eq. (11) is reduced to a spectrally-weighted thingas flux as formulation.
TWO SOLUTIONS
The diffsrent definitions for the wall emissivity given by Eqs. (19) and (21) should be noted. formulation in terms of a similarity variable including both conduction and radiation is not feasible because of intrinsic lack of similarity between conduction and radiation. However, the effect of thingas radiation on conduction is small. This fact suggests the use of the similarity variable for conduction by which the radiation effect can be treated locally similar. A solution following asymptotic matching of an innw solution based on conductive boundary layer and an outer solution based on radiative boundary layer is somewhat involved bcceuse of the transcendental nature of the latter. A local similarity approach [integrating Eq. (26) for a fixed XI is straightforward and is pursued here. Equation (26) was solved first as a boundary-value problem by using the finite difference code PASVA3 developed by Lentini and Pereyra.20,z1 Results for pure conduction agree to five decimals with those obtained from the well-known (integral) solution evaluated by using a 15-point Gauss-Legendre quadrature.22 Equation (26) was solved also as an initial-value problemz3 depending on the wall gradient of temperature obtained from PASVA3. The single step code DVERK based on a fifth and sixth order Runge Kutta -Verner approximation developed by Hull et aLZ4 was utilized. The results obtained separately from PASVA3 and DVERK are found to agree to five decimals. The next section first develops an expression for local entropy production in radiatively participating media and then applies the result to the present forced convective boundary layer prohlclem.
LOCAL ENTROPY PRODUCTION
The interpretation of the contcmporary problems of thermomechanics in terms of entropy production is lately receiving increased attention Because of its size no attempt will be made here to survey the literature (see, for example, Bejanzs~z6 for applications involving heat transfer and A r p a~i~' .~~ and Arpaci and Selamet29-31 for applications involving radiation and flames). The following brief review on the local entropy production is far later convenience.
The development of the entropy production in moving media requires the consideration of the momentum balance as well as the energy balance. For the Stokesean fluid, the momentum balance in terms of the usual nomenclature is
where sc is the rate of deformation. For a reversible process, all forms of dissipation vanish, and which is the Gibbs Thermodynamic relation. For an irreversible process, Q. (41) continues to hold provided the process can be assumed in local equilibrium. Then, the local entropy production is found to be where the fint term in brackets denotes the dissipation of thermal energy into entropy (lost heat), the second term denotes the dissipation of mechanical energy into heat (lost work), and the third tern denotes the dissipation of any (except thennomechanical) energy into heat. When radiation is appreciable, qi denotes t h e total flux involving the sum of the conductive flux and the radiative flux, q = qf + 4F. I .
(43)
In the present study, neglecting contribution due to viscous dissipation and noting that conductive and radiative heat fluxes are eonsidered only in transversal direction, Eq. (42) may be rearranged as 5 The total heat flux on boundaries, 
which is the upper limit of the radiative 0ux obtained from strict radiative considerations.
Split the interval into two domains: IO, ial and lis, ml. Then the integration of Eq ( 5 1 4 yields -ndEb 0 dr' Now. for the total h e a t transfer,
Assume a third order polynomial in r for E,, The distribution of entropy production within and outside the radiation-affected thermal houndary layer is evaluated The retained nonlinearity of tcmperature in the entropy production leads to an extremum in this production within the boundary layer rather than on the boundary.
